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Introduction
Since the demonstration of lithium intercalation -de-intercalation process in the ordered olivine structure with general formula LiMPO 4 (M= Fe, Mn, Co or Ni), lithium transition metal phosphates have been extensively investigated as possible candidates for cathode materials in lithium ion batteries that use non-aqueous electrolytes. The phosphate materials built with (PO 4 ) 3-anions offer advantages in practical applications due to its low cost, environmental benign, safe and stable over layered and spinel structures [1] [2] [3] [4] . The olivine framework is more stable in the charged state and no phase transition is necessary to balance the loss in lithium, these features improved their electrochemical performances than the layered oxide counterpart [4] [5] [6] . The olivine compounds LiMPO 4 contain tetrahedral "anion" structure units (PO 4 ) 3-with strong covalent bonding, generating oxygen octahedral occupied by other M metal ions. The PO 4 unit tends to reduce the covalency of the M -O bond, modifying the redox potential for the M 2+ / 3+ couple and thus producing a practical voltage while lithium insertion and re-insertion occurs [7] [8] . Among the LiMPO 4 reported in the literature [7] [8] [9] [10] , lithium iron phosphate (LiFePO 4; [7] ) and lithium manganese phosphate (LiMnPO 4 ; [10] ) have been recognised as promising cathode material for rechargeable battery applications. This is mainly because a large reversible capacity of 164 mAh/g was achieved over a wide composition range of Li 1-y Mn y PO 4 and Li 1-y Fe y PO 4 , even at Mn & Fe contents as high as y = 0.75 [11] .
Comparative studies of the LiMPO 4 family [12] [13] reported that it was difficult to deintercalate Li + from Co and Ni phosphate within the voltage stability window of existing non-aqueous electrolyte; for the high potential value of the redox couples Co 3+ / 2+ and Ni 3+ / 2+ [12] . However, efforts in improving the electrolyte have recently made it possible to explore the LiCoPO 4 compound to about 5 V [9, 13] . The The calcined ground powder was sintered at 800 °C for 24 h and then two different approaches were made on cooling the final product. The former is annealing -slow cooling for 25 h (ramp rate 0.5 °C /min) to room temperature and the latter by rapid cooling for 5 h (2.5 °C /min) to room temperature, both were performed in air; bright yellow and green powders were achieved respectively. Phase purity was determined by X-ray powder diffraction and they were all indexed as orthorhombic in the space group Pmna.
The experimental procedures for the slow scan cyclic voltammetric studies were similar to those reported earlier [23] . We fabricated the LiNiPO 4 cathode for electrochemical charge-discharge test with the following procedure; a pellet was 
Results and Discussion
The X-ray diffraction pattern of LiNiPO 4 sample recorded after annealing the final product at 800° C is shown in Fig. 1a respectively. The important characteristic of the XRD spectrum is that all the peaks are well assigned to LiNiPO 4 phase without any presence of impurities. It is generally believed [17] [18] that the synthesis of LiNiPO 4 requires stringent atmosphere conditions without which Ni 3 P peaks [24] were observed as an impurity. In this work, pure single phase is obtained without any difficulty while using NiO and NH 4 H 2 PO 4 as precursors and thermal treated under air atmosphere at 800 °C followed by annealing the product. However, the XRD pattern in The Scanning electron microscopy images (SEM) images of the LiNiPO 4 samples are shown in Fig. 3 . The compact in morphology, uniform particle size distribution forming a network that leads to high surface area are observed for annealed sample in Fig. 3a . In a more detailed analysis, the grains for annealed samples at higher magnifications (in Fig. 3c ) exhibits orthorhombic like structure where as for non-annealed no such face is obviously identified. Hence, the as a cathode material for lithium ion battery using non-aqueous solutions is scarcely realised because of the limitations such as obtaining pure phase [17] [18] , voltage instability window [12] and their poor practical discharge capacity [15] [16] . By contrast, to the available reports in the literature [14] [15] [16] [17] [18] [19] [20] , our results show that the Ni 3+ /Ni 2+ redox reaction is significant and found to be 45% reversible in aqueous solutions.
To determine the mechanism through which LiNiPO 4 The efficiency of the redox reaction observed in cyclic voltammetry (in Fig. 4 ) is in agreement with the galavonstatic studies suggesting it is harder to intercalate lithium than to extract lithium, resulting in a lower discharge capacity of 55 mAh/g. At this
point, it is difficult to draw more conclusion on the discharge capacity, as a part of the charge capacity could be devoted to β-NiOOH which is irreversible for subsequent discharge. The variation in discharge capacity with cycle number is shown in Fig. 8 .
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The capacity reaches a stable value of ~50 mAh/g after 5 cycles, losing 10% of its initial value, and then it is retained for multiple cycles. Thus, it confirmed that the LiNiPO 4 cathode is reversible in aqueous electrolyte. Figure 9 shows the changes in the cyclic voltammogram when the LiNiPO 4 cathode is subjected to multiple cycling in the potential between -0.3 and 0.2 V. The anodic and cathodic peak currents decreased up to 10% for the first few cycles and tended to stabilise. This suggest that lithium can be extracted /inserted from/into LiNiPO 4 structure with a charge balance of Ni 3+ /Ni 2+ over a number of cycles. The peak due to hydrogen evolution is indicated as C 2 in the figure 9. The strong PO 4 framework and the stability of the aqueous electrolyte improved the reversibility, but the formation of nickel hydroxide or the poor conductivity of this material is not sufficient enough to achieve practical discharge capacity.
Conclusions
We have demonstrated for the first time that lithium extraction/insertion mechanism can be achieved for LiNiPO 4 non-annealed and (c) annealed sample at a higher magnification (4x of Fig. 3a) exhibits orthorhombic like structure. 
